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(54) PRODUCTION METHOD FOR HYDROPHILIC POLYVINYLIDENE FLUORIDE-BASED 
RESIN POROUS MEMBRANE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hydrophilic polyvinylidene fluoride-based resin 
porous membrane which is little in degradation in water permeation performance due to stain. 
SOLUTION: This polyvinylidene fluoride-based resin porous membrane is treated with a base 
and is then treated with an aqueous solution containing hydrogen peroxide or ozone and is 
further treated with an aqueous solution containing at least one kind of salt selected from 
perchlorate, perbromate and periodate. 
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[Claim(s)] 
[Claim 1J 

It processes in the aqueous solution which contains hydroeen oernxidP nr ^ 
processing a DoJwinvIiH^n^ fi..™;^ ~+ V>J "^«* "yarogen peroxide or ozone after 

[Claim 4] 

The porous membrane module which wa^rrnmni^' *u 

undiluted solution inflow mouthed ^r^ ™ T, ? " ** 035,118 equi PP ed with * e 
[Claim 6] 



[Detailed Description of the 
[0001] 



[Field of the Invention] 

•This invention relates to the suitable porous membrane for water treatment such as 
[0002] 

[Description of the Prior Art] 

is used increas nely Moreover in th* r™A <•* «■ • a I V V sea,nientat| on process, it 
[0003] 

Since the porous membrane used variously as mentioned ahrwp ^ i 
treated water in the water treatment ^J^^^^^^T 
water treatment, improvement in water penetration pcrfoZncet Z%5T % 
penetration performance is excellent, since it became/ n£E?*£lZ£ u 

iumnTnf 5 water Purification treatment, for sterilization of permeated water or the 
[0005] 

[0006J 

Bius, a porous membrane is asked for separation characteristics chemical hardne« 

js^r*"** the outstanding physicai hardness > and —J sss- 

[0007] 



LicL ato bL™: dC b, 7 1,131 ^ Pe " etrati0n " 12 ngTy 
med.cine also became d.rty and a component was hard to be removed. 



[0008J 

T ^^:^^T'Zl 8 T '' nt0 the princ * aI chai « or 

^Asahydrofe 

were menfoned and various methods were examined * * ? "* ** C * rb ° Xyi 8 rou P 

of carrying out a chemical treSnt tote tto^fVV* ? '' ndiCated ' te 
solution containing an oxidizing^enM JtaC^T 1 I" I" Str0ng a,ka,i 
graft of the monomer containing nShvdrSvU i me,h ° d of car W out the 
Moreover, the method of caTinZloxSS , * ^ d ° CUments 3 is Seated. 

somewhat, it is presumed that the. fcii Z " ?' ™ ^ s " t,stanc ^ such as humus, is reduced 
hydrophilization is inadequate Penetrat.on performance is large and its 

[001 IJ H ' 

m2] d ° CUmCntS ' J JP . S53 -80378,A 

[Patent documents 21 JP,S63- 172745 A 
[0013] 

[Patent documents 3] JP.S62-2587 1 1 A 
[0014] 

[00 1 5J l d ° CUments 4 ^ ^MSS 1 7663.A 
[Problem(s) to be Solved by the Invention] 

[Means for Solving the Problem] 

of the hydrophilic PO^MiS^^'^S^^ ^ method 

processes in the aqueous solution conta Sin? 2L ^ * membrane wMch 

by a base, and is processed in S^^SSS?^* 7" ^ ^ pr0CeSsin * 

membrane module which was ^am^^^*^- M ° re0ver ' ,he P°™ 
solution inflow mouth and the ,*^ i J^ a « e W ed the undiluted 

permeate liquid tap hole and its casing and which has the 



prepared in the ^JSHHS^^ '^""diluted solution force means 
module is also desirabT The fresh wl? I • m ° dU,C ° r this P orous """"brane 
water from raw JS^^^^^I^ of obtai "'"g Pleated 
[0018] g " qU,d se P arat '°n equ,p me nt is also a desirable mode. 

[Embodiment of the InventionJ 

P^m^ ^oride system resin 

resin porous membrane b^C lt^Zs Zl I P ° ,yV « n >" t idene flu -de system 
hydrogen peroxide or ozone, Jf k pSS^J^ S ? ,Uti ° n C ° ntainin * 

homopolymer and/or a vmylSfllTde ^ oontatni^ a vinylidene fluoride 
kinds of vinylidene fluor Me coZ™Z d * COp0,ymer - You ™y contain two or more 
vinylidene fluoride wW^ 

vinyUetrafluoroemylene 6 fl^orida^ 

vinylidene fluoride copolymer Sff^ Md 3 ^^^t-ized ethylene as a 

workability to a porous £2l ^ ^ ^ demanded ' when the 
average molecula^welfcof p7yvinvHdr„^° C ° nS,deration - il is ^'>able [ the weight 

i^its of 50,000., rings ttSSlJSS: TS m resin * that ; 1 is wlthin th ° 

will become high too much if a weight ZrZl , f *" V . ISC0S,ty of a resin so ' u «on 
this range, and it become s™ Cj£ S™£t CU * ,r Wei * h < ^es larger than 
become low too much, and it w 11 beSme 2 r T^R ° f 3 resin soIutio " w «'» 

membrane. " ,c u,u,cu,t Ior a " to fabricate a porous 

[0021] 

A hollow fiber or a flat film is sufficient as the form n f,u 

invention, and it is chosen by the use P ° r ° US membra "e °<* this 

[0022] 

mi«^ 

range of 50 micromete s ^mm 7d TmorV ^ mav become *" 

8mm, 100 more micromete'ri'o^m anTan oZTJ^ ' ^ 150 - 
pole diameter on the surface of 2' . . ft diameter ' Mor «>™V although the 
by a use, it is desirab. toZ^tc^Trl ^ S'l^ <*" be free,v chose " 
micrometers, and 0.008 mor X^oS^JT ° f ° M * m, ' Cr0metCr (5nm > ' 10 
of a hollow fiber may be the homnTn ( } ' 8 m,crometer s- The internal structure 
as a thickness ^^^^^^ h ^!^ the h °'* <>f the same size 



noer, etc. to tubed, and a part of its support material 
[0023] 

Hm£o?m r ha " d ' ^ ^ T ° f 3 ^ fi ' m ' h is desirab,e ,hat ***"« ^ within the 
limits of 10 micrometers - 1mm, and 30 more micrometers - 500 micrometers It is 

ma^t inSh T*™' ° f a fi ' m 3,80 h3S i0 P0,ymer coatin * or the thickness which 
may be infiltrated m part and contains this field-like support material in that case within 
the hm lt s of above-mentioned in the support material of the shape of a field, suST 
t £5* I 3 n °™ oven fabric - Moreover, although a surface pole diameter can 

be freely chosen by a use, ,t is desirable that it is in the range of 0.005 micrometer (5nm? 

iHSSSf r? 1 ° 00 t m r\ rn, " CrOmeter (8nm) - 8 "'^meters. The interna, 
s ructure of a flat fihn may be the homogeneous structure in which the hole of the same 

exist? d,reCt, ° n ^ ifk iS ""^ and what is ca '^ a -cro^oid 

[0024] 

t^ e f^ r ° US m f K mbrane f ^-mentioned this invention is manufactured with either of 

the following three methods, for example 

[0025] 

L* ft ?i m 7i S S, Utl ° n wh ! chdisso,ved 1 Polyvinylidene-fluoride system resin in the 
good solvent ] The wet solution technique in which make the liquid containing the non 

£2L° - POl T? h ?™ flUOride ***** reSi " COntaCt - and "nsymmetri J porous 
extruding from a nozzle, or carrying out the cast on a glass plate and fabricating at a 
temperature qu.te lower than the fusing point of po.yvinylidene fluoride system r^sfn. 

Fusion kneading of inorganic particles and the organic liquefied object is carried out at 2 
polyvmylKfene-fluoride system resin. The fusion extraction method which forms porous 
picture by carrying out cooling solidification after extruding from a nozzleTpresTg 

polyvmyhdene fluonde system resin, and extracting an organic liquefied objecVand 
inorganic particles after that. wjcuunu 
[0027] 

l^IS after , C3nyi r! ° Ut ? C Wgh «"*»■■»» dissolution at the solvent which cannot 
dissolve 3 polyvinyl dene-fluoride system resin easily at a room temperature 
manufacmnng a polyvmyhdene fluoride system resin solution and breathing'out the 
polyvmyhdene fluonde system resin solution from a nozzle, and they are phas7 
separation and the heat-induced phase separation method made to solidify 

Process the polyvinylidene fluoride system resin porous membrane obtained as 
mentioned above in this invention, for example by one base, and it ranks second two It 
processes in the aqueous solution containing hydrogen peroxide or ozone and presses 
in the aqueous solution containing at least one kind of salt chosen from the groJp S 
JEST ^ 3 PerCh ' 0rate ' 3 Perbmmic acid »*. and Periodate 8 P 
[ treatment by the aqueous solution which hydrogen fluoride is desorbed from 
polyvmyhdene fluoride system resin, and contains the hydrogen peroxide or ozone of 2 



by base treatment of I ] A hydroxyl group and/or a carboxyl group are introduced the 
content of a carboxyl group increases by treatment by the aqueou ; solu ion contain „o ,h,» 

[ P oo30] 0rate of further 3 etc " and hydr °p hi,iclt y increas «- 8 the 

As a base which can be used for base treatment Alkali metal hydroxide, such as lithium 
hydrox.de, sod.um hydroxide, and potassium hydroxide, AlkaL earth ^metal TydroxL 

met uSST" ^uT^ ^ 8 Ca ' CiUm hydroxide ' a,ka » me^a'ka^rth 
metal alkox.de, trunethylam.ne, Triethylamine, 1, 4-diazabicyclo [2.2.2] octane The 
class ammonium hydroxides, such as tertiary amine, such as 1, 7-diazab tajEs 401 t 

SE^^*-^ [4 3 - 01 5 ' n0nene ' 8nd ^ammonium S 
[0031] 

These bases process by independent or the thing of water and an alcohol for which it 

SSTfT ,,qU ° r ' a " d 3 P ° r0US membrane is immer «* ^ the solution or it ets a 
so ut,on flow to a porous membrane. When letting a solution flow to a Doro^memhSL 

™t ' TS eU ? an ° 1 : ^P 3 " 0 '- 2-propanoI. 1-butanol, 2-butanol, etc can be 
mentroned. When mak.ng it the mixed liquor of water and an alcohol it depends fa, the 
m,o of an alcohol and water on the solubility of a base. AlthoTtte'lo^add Won 

^ 1 r„ Tllf ? W ( 'fj 00 . 1 ™' 3 P° rous membrane cannot be made to fully react 

to 0 m Uot^ I H ,S -T Uy Pref r Wy Ch0Se " Within the Hmits « 0.005 

to i regulat.on 0.001 to 5 •*•♦, and, in the case of a tertiary amine compound is usually 

[0032? " 10 5% ° f Within ^ limits 0 01 ^ ,0% - 

[0033] 

Next, abou t the aqueous solution containing the hydrogen peroxide or ozone of 2 if the 
SSS? h r " t0 ° ,OW ' k « 4 react X porous 

oT£ ^ o ! * f' , * iS danger0US ' h Wi " usuaHy be P refc ^ly chosen by 
0 3 to 5% of w,th.n the limits 0.1 to 10%. If the temperature of a solution is too low it 
cannot fully react a porous membrane, but if too high, since it is dangerous! ki Squally 
be preferably chosen w.thin the limits of 20-40 degrees C 10-50 degrees C And 
treatoent .s performed by a porous membrane being immersed in a hydrogen-peroxide 
solution" flnw I 0 "' ^ ,ett, ' n8 8 S °J Ut,0n fl ° W t0 3 POr0US membrane - WhenT« n P g7 

p^m^s^ 

[0034] 

On the other hand, although it is about treatment by the aqueous solution containing 
ozone, treatment ,s performed, letting flow the water which contains immSn or Lne 
u the water conta.mng ozone for a porous membmne to a porous memb^e From a 
pomt of treatment effic,ency, latter one is desirable. Moreover, when Iett.^g flowThe 
water wh.ch contams ozone in a porous membrane, it is still more efficientjf amorous 



membrane is used as a module and performed. Time is taken too much and if the 
underwater ozone concentration in the case of ozonization is not pracLTand £ too hieh 
since ,t cannot respond but equipment is specialized, it will usually b Sabfv clt„ 
wiUun fee limits of 0.5-20 PP m 0.1-30 ppm with the usual ozonizer, ^ST SS^T^ 

[0035] 

And although it is about treatment in the aqueous solution containing at least one kind of 
salt chosen from the group which consists of the perforate, the Sn5!SS^ 
penodate of 3, the aqueous solution containing a salt shows he JCCSiSS tt 
salt in water and ,t dissociated to the ion. As a perchlorate, lithium peidS^TShuT 
perchlorate, potassium perchlorate, ammonium perchlorate etc 2TCIE22m£i 
perbromic acid salt, perbromic acid lithium, perbromic acid sodium pSSfcSd 
potass.um, perbromic acid ammonium, etc. can be mentioned. As p rioda £ 2e acid 

m'SeT " " SOdiUm ' POtaSSiUm Pe "' 0date ' peri0dic acid -moniLmlT « Z 
[0036] 

If the concentration of these salts is too low, it cannot fully react a porous membrane but 
if too h«gh, smce ,t ,s dangerous, it will usually be preferably chosen by 0 3 to 5% of 
within the hm.ts 0.1 to 10%. If the temperature of a'solutio/is too low" it cannot fut 
react a porous membrane, but if too high, since it is dangerous, it will usually be 
preferably chosen from 10 degreesC in 20 to 40 degrees C 50 de^esCTr^Ln, i< 

SEES' T t us m r brane being ^^t^^SS£I!S^^ 

nnrA^ 6 a solution flow to a porous membrane. When letting a solution flow to a 

p'eTrmT ' " " if 3 P ° r ° US membrane is used - * -d 

[0037] 

Even if the porous membrane of this invention pass such a process of 1-3 filters a 

aC,d aqUCOUS S0,Utl '° n C ° ntinU0US,y ' f ° r ° Xam ^* ^SSC water 
penefration performance accompanying progress of time is small. Furthermore after 

canymg out water penetration degradation, water penetration perfornu ncTis referable 

2J5^2^ wash - supp,ies pem,eated — «* ««s;s n b,e 

[0038] 

?h^^*'^. rfbBCOniiD8 dfrty iS CVa,Uated as fo,lows - Th * a hollow 

£ s t n 8 ; a m T UT l r dule with a ,en8th of 200mm which consists of ST 

m«tlS b V 5° CCd ' 3nd ^ Wat6r ^"^^ performance of pure water is 
measured under the temperature of 25 degrees C, and the condition of filtration 

r SSUrC I6kPa - *?• 3 P redetermin ^ time deed and the permeate flow rate 
per the unit time are measured for a 20 ppm humic acid aqueous solution by all the 

fT™ '° n ' ^ thC W3ter P ermeabi "> of unit membrane a£a (nS) is 

a In for ? r y TT? °, Ut r mre (50kPa) COnVersion - Penneate d uteris uppl ed to 
a pan for 1 minute by the back-washing pressure power of 1 50kPa, and the pure water 



is used as a porous membrane module wLT P * ' ,qU,d tep ho,e > etc - and 
porous membrane module bund^o TmZ ^ZT^Tf * ^ fiber ' 3 
cylindrical container fixes both SdTor on^ n u ^ ^ ded,Cates them t0 a 
fixes the both ends of a telle J ^fibef to D ^e Si* P0, ^ thane ' an W resin, etc., 
permeate liquid or to coE SJj! ffif™ ^ e " ab,eS * l ° Cnable * t0 co "«* 
rolls round in the shape of a S fSd Z pSEr?^ ,S 3 * 
around a liquid collecting tube and dS Jt« . V ^ ? ShapC ° f 311 CnVe,ope 
arranges to both sides of \ ^^S^'S?^, 0 ^^ 3 ° at fi,m 
liquid is made to be made or 1 ™ J f ' f ircumference ,s fi *«* I Permeate 
[0040] J wa,ert, 6 ht > and " cables it to collect permeate liquid. 

And a porous membrane module is used a* linnM *• 

generation lo the undiluted solution sid, „ bj, a Performs fresh water 

and at leas, watt, may J^^^^^TtT' " as a f °"* ~« 

{EST a p " mp 3 siph0 ™* ° ^ ° ' fa " ecess, " y is 

[0042] 
[Example] 

and ti* oondition of^S^^^t^TT^ 25 **" C " 
[0044] 



<Work example 1> 

disLSfn M C "™ idc *°™1><> l y™ °f weight average molecular weight 41 7 000 was 
passmg abou. 5cm ,ype pa*, i, in^od^ >„ te^pSSfSS^f^ 
[0045] 

[0046] 



summarized in Table 1. 
[0047] 
[Table IJ 



1 Jfe#E<W 

1 ^ OB 17? 

1 « i 

I s*e Pi 1 


Q 0 Cm J /m * • h ) 
0 - 0 7 0 


Q 1 (m Vm« • h) 


J A = Q 7 / q Q 




0 . 0 7 4 


J 0.065 
]_ 0.071 


j 0.9 3 
0.9 6 


1 ^.fSCtBH q 

1 ^ £tt o 


1.62 


J_ 1.55 


j 0.9 6 




T - 7 1 


1 T * 6 1 


[ 0.9 4 




7 . 5 5 


1 7.22 


1 0.9 6 


J 3^ $ 


7.8 8 


7 3 5 


0.9 3 




.0.061 | 


0.030 j 


0.4 9 


( itR^g 2 


0.062 | 


0.0 3 3 ~] 


0. 5 3 


1 tt&0|3 


1.55 J 


0.8 2 J 


0. 5 3 


J ttB«f4 


1.62 1 


0.8 8 j 


0.5 4 


! ttewe 


7.33 | 


3.45 1 


0.4 7 




7.50 


3.5 2 j" 


0.4 7 



[0048] 

<Work example 2> 

example 1 except having carried ouHmll de f ° the 83,1,6 as that of a work 
ozone lOppm / 2s22 ClEr ^ erS, ° n ^ eatment «V underwater [ containing 
alimiumperchloratef^ 

25 degrees C were OlSJSSSSSS? JET 01 ",? Water Water " enetrati °" - 
penetration after humic aS aqueous SENSES JT"? ^ Water 
0.071m3/m2andh (Ql) The evaluation „ T 8nd 3 ^ Wash were 

Comparative example I> WaS summariz <* Table I. 

It was made to be the same as that of a work mm „i„ t 

lithium perchlorate aqueous soMion trZtlnr Z P * Cept " 0t havin « camed <« 
penetration of the hollow fibe? wSl^ ° f PUre Water water 



fiber washed and measured were 0.062m3/m2andh (QO). The amounts of pure water 
water penetration after humic acid aqueous solution filtration and a back wash were 
0.033 m3/m2andh (Ql). The evaluation result was summarized in Table I 
<Work example 3> 

The vinylidene fluoride homopolymer of weight average molecular weight 4 17,000 was 
dissolved in gamma-butyrolactone at the temperature of 150 degrees C so that it might 
become 38 weight %. While making the mixed solvent which consists of gamma- 
butyrolactone / water =80/20 (weight %) considering this resin solution as a hollow part 
formation liquid accompany Gamma-butyrolactone/water after breathing out from the 
100-degree C nozzle and passing about 2cm dry type part = it introduced into the 
coagulation bath with a temperature of 15 degrees C which consists of 80/20 (weight %) 
and solidified. The obtained hollow fiber was 0.8mm in 1.2mm of outside diameters and 
inside diameter. 50kPa and the amount of pure water water penetration at 25 degrees C 
were 1.50m3/m2andh. 1 
[0049] 

The obtained hollow fiber was immersed in the 30-degree C 0.01 regulation sodium 
hydroxide aqueous solution for 2 hours, and it was immersed in hydrogen peroxide 
solution at 30 degrees C after-flush 3weight % for 24 hours. It was further immersed in 
the lithium perchlorate aqueous solution 1 weight % after the flush for 4 hours. 50kPa of 
the obtained hollow fiber and the amount of pure water water penetration at 25 degrees C 
werel.62m3/m2andh(Q0). 
[0050] 

The amounts of pure water water penetration after humic acid aqueous solution filtration 
and a back wash were 1 .55m3/m2andh (Ql). The evaluation result was.summarized in 
Table 1. 

<Work example 4> 

The hollow fiber was replaced with being immersed in hydrogen peroxide solution at 30 
degrees C 3weight % for 24 hours, and it was made to be the same as that of a work 
example 3 except having carried out immersion treatment by underwater [ containing 
ozone 1 Oppm / 25-degree C ] for 100 hours. SOkPa of the hollow fiber after treatment by 
a lithium perchlorate aqueous solution and the amount of pure water water penetration at 
25 degrees C were 1.71m3/m2andh (QO). The amounts of pure water water penetration 
after humic acid aqueous solution filtration and a back wash were 1.61m3/m2andh (Ql) 
The evaluation result was summarized in Table 1. 
Comparative example 3> 

It was made to be the same as that of a work example 3 except not having carried out 
lithium perchlorate aqueous solution treatment. The amounts of pure water water 
penetration of the hollow fiber washed and measured were 1 .55m3/m2andh after 
treatment by hydrogen peroxide solution (Q0). The amounts of pure water water 
penetration after humic acid aqueous solution filtration and a back wash were 
0.82m3/m2andh (Ql). The evaluation result was summarized in Table 1. 
•Comparative example 4> 

I t was made to be the same as that of a work example 4 except not having carried out 
lithium perchlorate aqueous solution treatment. After processing by underwater [ 
containing ozone lOppm ], the amounts of pure water water penetration of the hollow 
fiber washed and measured were 1 .62m3/m2andh (QO). The amounts of pure water water 



polyethylene glycol (PEG), Using respectively 8 1 .5 weight % of * |2 IN ' 

mentioned undiluted solution at 25 degrees C a f . * 8 b ° Ve " 

made from oolvester fiher n 4*l/t V !? u ! * Ppl,cs to the no ™oven fabric 

SsSmb^sSSS^ the , nonwove " febric of the obtained flat film was 
were 6 "TSandh " , ° Unt ^ Water Potion at 25 degrees C 

[0051] 

The obtained flat film was immersed in the 30-de<nw mm i 

[0052] 

The amounts of pure water water penetration after humic acid aqueous solution filtration 
and a back wash were 7.2 2m 3/m2a„dh (QI). The evaluation result w^umZizS 

<Work example 6> 

2S£f c' 3wZtT I S d 7 4 W ? h bCing i mmerSCd in hydr ° gen P eroxide s ° l «™ at 30 
oegrees C 3weight % for 24 hours, and it was made to be the same as that of a wort 

after humic ac.d aqueous solution filtration and a back wash were 7 I 
The evaluation result was summarized in Table 1. 7.35m3/m2andh (Ql). 

Comparative example 5> 

It was made to be the same as that of a work example 5 except not having carried out 
hthmm perchtorate aqueous solution treatment. The amounts of puXter ^ £ 
penetration of the flat film washed and measured were 7 i im vJ.i 2 I 
hydrogen peroxide solution (Q0). The'a"^ l^t^TXT * 
humic acd aqueous solution filtration and a back wash were 3 SSSSSSTtImi 
evaluation result was summarized in Table 1 . J-wnumuandli (Ql). The 

Comparative example 6> 

It was made to be the same as that of a work example 6 except not having carried out 
lithium perchlorate aqueous solution treatment. After processing by un^rwater r 
contaimng ozone lOppm ], the amounts of pure water water penetrat o ofSt fi, m 



washed and measured were 7.50m3/m2andh (QO). 

^SXZ^SSS^^ h T ic acid aqueous so,ution fi,tra «- 

Table I. ^m3/m2andh (Ql). The evaluation result was summarized in 

[0054] 

[Effect of the Invention] 



